organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

3-(4-Amino-3-methyl-5-sulfanylidene- 
4,5-dihydro-1 H-1 ,2,4-triazol-1 -yl)- 
3-(2-furyl)-1 -phenylpropan-1 -one 

Yan Gao, a Lu Wang b and He -wen Wang c * 

a School of Chemical Engineering, University of Science and Technology Liaoning, 
Anshan 1 14051, People's Republic of China, b College of Food Science and 
Technology, Nanjing Agricultural University, Nanjing 210095, People's Republic of 
China, and c College of Chemistry and Applied Chemistry, Huanggang Normal 
University, Huanggang 438000, People's Republic of China 
Correspondence e-mail: zhao_submit@yahoo.com.cn 

Received 30 April 201 1; accepted 31 May 201 1 

Key indicators: single-crystal X-ray study; T = 1 1 3 K; mean cr(C-C) = 0.002 A; 
R factor = 0.049; wR factor = 0.119; data-to-parameter ratio = 17.3. 



Experimental 

Crystal data 

C 16 H 16 N 4 0 2 S 
M, = 328.39 
Monoclinic, P2Jn 
a = 7.3702 (8) A 
b = 24.131 (2) A 
c = 9.240 (1) A 
P = 106.745 (5)° 

Data collection 

Rigaku Saturn CCD area-detector 

diffractometer 
Absorption correction: multi-scan 

(CrystalClear; Rigaku/MSC, 

2005) 

T min = 0.957, r maI = 0.974 

Refinement 

R[F 2 > 2a(F 2 )] = 0.049 

wR(F 2 ) = 0.119 

S = 1.06 

3746 reflections 

217 parameters 



V = 1573.7 (3) A 3 
Z = 4 

Mo Ka radiation 
li = 0.22 mm -1 
T = 113 K 

0.20 x 0.18 x 0.12 mm 



15993 measured reflections 
3746 independent reflections 
2835 reflections with / > 2tr(/) 
R iM = 0.053 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.37 e A~ 3 

APmm = -0.23 e A -3 



In the title molecule, Ci6Hi 6 N402S, the plane of the 1,2,4- 
triazole ring forms dihedral angles of 77.9 (2) and 30.0 (2)° 
with the planes of the furyl and phenyl rings, respectively. 
Weak intermolecular N— H- ■ S and C— H- ■ O hydrogen 
bonds consolidate the crystal packing. 

Related literature 

For the crystal structures of related l,2,4-triazole-5(4//)- 
thione derivates, see: Al-Tamimi et al. (2010); Fun et al. (2009); 
Tan et al. (2010); Wang et al. (2011). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H- - A 


D-H 


H- ■ A 


D-A 


D-H- - A 


N4-H4/4- ■ -Si' 


0.95 (3) 


2.64 (3) 


3.475 (2) 


148 (2) 


C4-H4D- ■ Ol" 


0.99 


2.45 


3.346 (2) 


151 


C14-H14- ■ 01 m 


0.95 


2.55 


3.490 (2) 


169 


Symmetry codes: (i) — x 


+ l,-y, -z; 


(ii)x-l -y + l,z 


-|;(iii)x+l,y, 


Z. 



Data collection: CrystalClear (Rigaku/MSC, 2005); cell refinement: 
CrystalClear; data reduction: CrystalClear; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: CV5087). 
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3-(4-Amino-3-methyl-5-sulfanylidene-4,5-dihydro-l//-l,2,4-triazol-l-yl)-3-(2-furyl)-l-phenylpro- 
pan-l-one 

Y. Gao, L. Wang and H. Wang 
Comment 

In continuation of structural study of l,2,4-triazole-5(4//)-thione derivatives in our group (Wang et al, 2011), we present 
here the crystal structure of the title compound, (I). 

In (I) (Fig. 1), the bond lengths and angles are normal and comparable with those reported for the related 1,2,4-triazole- 
5(4//)- thione derivatives (Al-Tamimi et al., 2010; Fun et al, 2009; Tan et al, 2010; Wang et al, 2011). The 1,2,4-triazole 
ring makes the dihedral angles of 30.2 (2) and 77.9 (2)° with the phenyl ring and the furanyl ring, respectively. The phenyl 
and furanyl rings form a dihedral angle of 71.1 (2) °. 

Intermolecular N — H—S hydrogen bond (Table 1) links the adjacent molecule into centro symmetric dimers, which are 
further linked by the weak C — H - 0 interactions (Table 1) into three-dimensional structure. 

Experimental 

The title compound was synthesized by the reaction of the 3-(furan-2-yl)-l- phenyl-2-propen-l-one (2.0 mmol) with 4- 
amino-3-methyl-4//-l,2,4-triazole-5- thiol (2.0 mmol) in ethanol. The reaction progress was monitored via TLC. The res- 
ulting precipitate was filtered off, washed with cold ethanol, dried and purified to give the target product as colorless solid 
in 84% yield. Crystals of (I) suitable for single-crystal X-ray analysis were grown by slow evaporation of a solution in 
chloroform-ethanol (1:1). 

Refinement 

N-bound H atoms were located in a difference map and isotropically refined. C-bound H atoms were positioned geometric- 
ally (C— H = 0.95-0.99 A) and refined as riding, with t/ iso (H) = 1.2-1.5 (7 eq (C). 

Figures 

Fig. 1. View of (I) showing the atom-labelling scheme. Displacement ellipsoids are drawn at 
the 55% probability level. 



3-(4-Amino-3-methyl-5-sulfanylidene-4,5-dihydro-1 HA ,2,4-triazol-1 -yl)- 3-(2-furyl)-1 -phenylpropan-1 -one 

Crystal data 

Ci6Hi6N 4 0 2 S ^(000) = 688 
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M r = 328.39 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 7.3702 (8) A 
6 = 24.131 (2) A 
c= 9.240 (1) A 
(3= 106.745 (5)° 

V= 1573.7 (3) A 3 
Z=4 



Z) x = 1.386 Mgm 3 
Mo i&x radiation, X = 0.71073 A 
Cell parameters from 4962 reflections 
0= 1.7-27.9° 

li = 0.22 mnT 1 
T= 113 K 
Prism, colorless 
0.20x0.18x0.12 mm 



Data collection 



Rigaku Saturn CCD area-detector 
diffractometer 

Radiation source: rotating anode 
multilayer 

Detector resolution: 14.63 pixels mm" 1 
cp and co scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku/MSC, 2005) 
r min = 0.957, r max = 0.974 
15993 measured reflections 



3746 independent reflections 

2835 reflections with I > 20(7) 
ic int = 0.053 

©max = 27.9°, 0 m in = 1.7° 

h = -9^9 
£ = -31^31 
/= -12^10 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 20(^)1 = 0.049 

wR(F 2 ) = 0.119 

S= 1.06 

3746 reflections 
217 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 CF 0 2 ) + (0.0574P) 2 ] 
where J P = (F 0 2 + 2 J F c 2 )/3 
(A/o) max < 0.001 

Ap m ax = 0.37 e A~ 3 

Apmin = -0.23 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 
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factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


TT- *ITJ 
^iso ' ^eq 


SI 


0.32564 (7) 


0.044074 (19) 


0.12279 (6) 


0.03395 (17) 


Ol 


0.44017 (17) 


0.24184 (5) 


0.30582 (14) 


0.0252 (3) 


02 


0.76075 (17) 


0.12393 (5) 


0.14479 (15) 


0.0302 (3) 


Nl 


0.3805 (2) 


0.13261 (6) 


-0.04619 (17) 


0.0216 (3) 


N2 


0.3656 (2) 


0.14722 (6) 


-0.19396 (18) 


0.0266 (4) 


N3 


0.2807 (2) 


0.06078 (6) 


-0.17722 (18) 


0.0298 (4) 


N4 


0.2143 (3) 


0.00728 (7) 


-0.2257 (2) 


0.0447 (6) 


H4A 


0.312 (4) 


-0.0188 (10) 


-0.184 (3) 


0.065 (8)* 


H4B 


0.120 (4) 


0.0015 (10) 


-0.184 (3) 


0.054 (8)* 


CI 


0.3301 (2) 


0.07965 (7) 


-0.0317(2) 


0.0256 (4) 


C2 


0.3022 (3) 


0.10221 (8) 


-0.2710 (2) 


0.0304 (5) 


C3 


0.4564 (2) 


0.17151 (6) 


0.0778 (2) 


0.0196 (4) 


H3 


0.4213 


0.1574 


0.1679 


0.023* 


C4 


0.3677 (2) 


0.22862 (6) 


0.0401 (2) 


0.0219 (4) 


H4C 


0.4291 


0.2481 


-0.0277 


0.026* 


H4D 


0.2315 


0.2244 


-0.0144 


0.026* 


C5 


0.3886 (2) 


0.26319 (7) 


0.1805 (2) 


0.0204 (4) 


C6 


0.3390 (2) 


0.32323 (7) 


0.1632 (2) 


0.0199 (4) 


C7 


0.3636 (3) 


0.35495 (7) 


0.2932 (2) 


0.0255 (4) 


H7 


0.4096 


0.3380 


0.3897 


0.031* 


C8 


0.3215 (3) 


0.41086 (7) 


0.2828 (2) 


0.0298 (5) 


H8 


0.3391 


0.4324 


0.3718 


0.036* 


C9 


0.2533 (3) 


0.43531 (7) 


0.1412 (2) 


0.0297 (5) 


H9 


0.2260 


0.4738 


0.1338 


0.036* 


CIO 


0.2250 (3) 


0.40402 (7) 


0.0111 (2) 


0.0289 (4) 


H10 


0.1765 


0.4209 


-0.0852 


0.035* 


Cll 


0.2673 (3) 


0.34799 (7) 


0.0217(2) 


0.0251 (4) 


Hll 


0.2475 


0.3264 


-0.0675 


0.030* 


C12 


0.6687 (2) 


0.17414(7) 


0.1194(2) 


0.0222 (4) 


C13 


0.7944 (3) 


0.21587 (8) 


0.1527 (2) 


0.0310(5) 


H13 


0.7673 


0.2544 


0.1447 


0.037* 


C14 


0.9781 (3) 


0.19038 (10) 


0.2031 (2) 


0.0388 (5) 


H14 


1.0966 


0.2089 


0.2356 


0.047* 


C15 


0.9504 (3) 


0.13569 (10) 


0.1956(2) 


0.0384 (5) 


H15 


1.0483 


0.1087 


0.2219 


0.046* 


C16 


0.2566 (3) 


0.09657 (10) 


-0.4376 (2) 


0.0435 (6) 


H16A 


0.2883 


0.1311 


-0.4806 


0.065* 


H16B 


0.1211 


0.0889 


-0.4801 


0.065* 


H16C 


0.3303 


0.0660 


-0.4620 


0.065* 
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Atomic displacement parameters (A 2 ) 





U 


TT 22 
U 


rr33 
U 




U 


U 


TT 23 
U 


C 1 

M 


a a a a 1 /t\ 

0.0401 (3) 


0.0202 (2) 


a at /C/c 

0.0366 


/ T \ 

(3) 


A AAT IT /I A~\ 

-0.00212 (19) 


A A AT A ft\ 

0.0030 (2) 


A A A A 1 

0.0041 (2) 


01 


a at a a si\ 

0.0304 (7) 


a at i 0 ( v \ 

0.0238 (6) 


0.0186 


(7) 


A AATT SC\ 

0.0022 (5) 


A A AT / C\ 

0.0025 (5) 


A AA 1 A /C\ 

0.0014 (5) 


02 


0.0255 (7) 


0.0342 (7) 


A AT AA 

0.0290 


(8) 


A AAOT se\ 

0.0083 (5) 


A A A 1 ( V \ 

0.0051 (6) 


A AATO ( f \ 

0.0028 (6) 


Nl 


0.0240 (8) 


0.0204 (7) 


0.0175 


(9) 


A AATC iT\ 

0.0025 (6) 


A AA 1 A / £L\ 

0.0014 (6) 


A AA 1 A / r\ 

-0.0010 (6) 


"\TT 

N2 


a m/i /o\ 

0.0261 (0) 


0.0324 (8) 


0.0186 


(9) 


A A A A O / C\ 

0.0048 (0) 


A AA 1 A (H\ 

0.0019 (7) 


A AA 1 T /*7\ 

-0.0012 (/) 


N3 


a at r\"7 /a\ 

0.0307 (9) 


f\ A'm l"7\ 

0.0222 (7) 


0.0295 


(10) 


A A A f A / S~\ 

0.0064 (6) 


A AATO (1\ 

-0.0028 (7) 


-0.0095 (7) 


N4 


a a a r 1 / 1 T\ 

0.0461 (12) 


a r\^» i ~\ /o\ 

0.0232 (8) 


0.0509 


(14) 


A AA r o /o\ 

0.0068 (8) 


A AAO 1 /1 1 \ 

-0.0081 (ll) 


A A 1 O 1 1 (\ \ 

-0.0183 (9) 


CI 


0.0226 (9) 


0.0205 (8) 


A AT OA 

0.0280 


(11) 


A AA C 1 /1\ 

0.0051 (7) 


A AA 1 *7 ZO\ 

-0.0017 (8) 


A AAT A ZO\ 

-0.0039 (8) 


C2 


0.0243 (10) 


0.03 /o (10) 


0.0247 


(11) 


A A 1 A/C SO\ 

O.OlOo (8) 


A AAAT /'0^ 

-0.0003 (8) 


A AA*7A 1 C\\ 

-0.00 /0 (y) 


C3 


f\ ATn iTV\ 

0.0227 (9) 


A A 1 1f\ /0\ 

0.0179 (8) 


0.0162 


(10) 


A AAAT i"7\ 

-0.0002 (7) 


A AAT"7 (1\ 

0.0027 (7) 


A AATT /'7\ 

-0.0023 (7) 


r^A 
C4 


a ai«:a /a\ 
0.0260 (9) 


A A 1 (1(1 ZO\ 

0.0190 (8) 


a a 1 on 

0.0180 


(10) 


A A AT 1 /*7\ 

0.0021 (7) 


A AAT 1 SH\ 

0.0021 (7) 


A AAA A 

0.0004 (7) 


C5 


a a 1 oi /o~\ 

0.0182 (8) 


A AT 1 *7 /CA 

0.0217 (8) 


a A 1 a 1 

0.0191 


( 1 A\ 

(10) 


A AATT /"7\ 

-0.0022 (7) 


A AA 1 C fH\ 

0.0015 (7) 


A AAA O 

-0.0008 (7) 


Co 


A A1 Oyl fo\ 

0.0184 (8) 


A A 1 AT /CA 

O.Olvz (8) 


A AT 1 

0.0212 


( 1 A\ 

(10) 


A AAA/I f£\ 

-O.OOOo (0) 


A AA/1T SH\ 

0.0043 (/) 


A AA 1 O /*7\ 

-0.0018 ( /) 


C7 


r\ at*7a / 1 A^ 

0.0279 (10) 


A AT /CO /A\ 

0.0268 (9) 


0.0199 


C 1 A\ 

(10) 


A AAT/C SH\ 

0.0026 (7) 


A AAT C /'0^ 

0.0036 (8) 


A AA 1 T /'0^ 

0.0013 (8) 


C8 


0.0361 (11) 


0.0248 (9) 


0.0272 


(11) 


0.00 18 (8) 


0.0070 (9) 


-0.0055 (8) 


C9 


0.0374 (11) 


0.0202 (9) 


0.0320 


(12) 


0.0033 (8) 


0.0106(9) 


-0.0013 (8) 


CIO 


0.0366 (11) 


0.0262 (9) 


0.0238 


(11) 


0.0046 (8) 


0.0087 (8) 


0.0060 (8) 


Cll 


0.0302 (10) 


0.0235 (8) 


0.0205 


(11) 


0.0014 (7) 


0.0056 (8) 


-0.0026 (7) 


C12 


0.0232 (9) 


0.0259 (9) 


0.0168 


(10) 


0.0034 (7) 


0.0045 (7) 


0.0011 (7) 


C13 


0.0342(11) 


0.0360 (10) 


0.0243 


(11) 


-0.0091 (8) 


0.0105 (9) 


-0.0037 (8) 


C14 


0.0229 (10) 


0.0715 (15) 


0.0229 


(11) 


-0.0114 (10) 


0.0079 (8) 


-0.0037 (11) 


C15 


0.0207 (10) 


0.0649(15) 


0.0277 


(12) 


0.0103 (10) 


0.0038 (8) 


0.0039 (11) 


C16 


0.0357 (12) 


0.0648 (14) 


0.0250 


(13) 


0.0099 (10) 


0.0008 (9) 


-0.0121 (11) 



Geometric parameters (A, °) 



SI— CI 


1.674 (2) 


C6— C7 


1.391 (2) 


Ol— C5 


1.223 (2) 


C6— Cll 


1.396 (2) 


02— C15 


1.370 (2) 


C7— C8 


1.381 (2) 


02— C12 


1.3755 (19) 


C7— H7 


0.9500 


Nl— CI 


1.348 (2) 


C8— C9 


1.390 (3) 


Nl— N2 


1.383 (2) 


C8— H8 


0.9500 


Nl— C3 


1.462 (2) 


C9— C10 


1.383 (3) 


N2— C2 


1.309 (2) 


C9— H9 


0.9500 


N3— C2 


1.362 (3) 


C10— Cll 


1.385 (2) 


N3— CI 


1.366 (2) 


C10— H10 


0.9500 


N3— N4 


1.407 (2) 


Cll— Hll 


0.9500 


N4— H4A 


0.95 (3) 


C12— C13 


1.343 (2) 


N4— H4B 


0.89 (2) 


C13— C14 


1.437 (3) 


C2— C16 


1.484 (3) 


C13— H13 


0.9500 


C3— C12 


1.501 (2) 


C14— C15 


1.334 (3) 


C3— C4 


1.522 (2) 


C14— H14 


0.9500 


C3— H3 


1.0000 


C15— H15 


0.9500 


C4— C5 


1.513 (2) 


CI 6— H16A 


0.9800 


C4— H4C 


0.9900 


C16— H16B 


0.9800 
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C4 — H4D 


0.9900 


C5 — C6 


1.491 (2) 


z" 1 1 C I'M pn 
C 1 j — U2 — C 1 z 


1 n£ i a t \ a\ 
1U0.3U (14) 


/-II \T 1 XT'") 

C 1 — JN 1 — JN z 


1 1 -> 1 Q ( \ A\ 

113.16 (14) 


p 1 \T 1 PQ 

CI — JN 1 — C3 


IZj.ol (15) 


\n mi pi 
JN2 — JN 1 — C3 


izo.sy (14) 


/""I \T1 \TI 

C2 — JNz — JN 1 


103.50 (ID) 


P~> X TQ /"I 1 

C2 — JN3 — CI 


inn c/i / 1 c\ 
10V.54 (15) 


PO Ml XT /I 

Cz — JN3 — JN4 


1Z4.30 (1 /) 


p 1 XT1 XT /I 

CI — JN3 — JN4 


n/ aa / 1 o\ 

izo.oy (is) 


XT 1 XT A I I 1 A 

JN3 — JN4 — H4A 


1 nn A /1 A\ 
lOV.O (14) 


XT'} XT/1 I I 1 D 

JN3 — JN4 — H4r> 


1 A/i a /i 
1U4.4 (10) 


JJA A ~\TA I 1 ,1 T) 

H4A — JN 4 — H4r> 


105 (Z) 


XT 1 Z" 1 1 XTl 

JN 1 — CI — JN3 


1UZ. /y (10) 


XT 1 Z" 1 1 CI 

JN 1 — CI — M 


1 i a 11 /i/l\ 
130.1 1 (14) 


XT1 Z" 1 1 C 1 

JN3 — CI — M 


m aa / 1 a \ 
12 /.0y (14) 


XT") Z" 1 ") XT'! 

JNz — Cz — JN3 


i in /:t /1 t\ 
1 10. oZ (1 /) 


XT1 P 1 ~) pi 1 /r 

JN 2 — Cz — C 1 o 


lZj.3o (iy) 


XT1 Z" 1 "! ZC 

JN 3 — Cz — C 1 o 


i Tyi ni /i n\ 
YL^XSL (1 /) 


xt 1 t ' "i rn 
JN 1 — C3 — C12 


111 TA / 1 /1\ 

in.zy (14) 


XT1 f ' "1 P A 

JN 1 — C3 — C4 


111 in /i T\ 
111.10 (13) 


PH p "j p a 

Clz — C3 — C4 


111 C/T T\ 

111.30 (13) 


XT1 f^l JJ1 

JN 1 — C3 — H3 


1 A"7 £. 
10 1.0 


/-II 1 p-} III 

Clz — C3 — H3 


107.6 


C4 — C3 — hi 3 


10 /.D 


Z^C Z~M ( 

Cj — C4 — C3 


111 OC /1 /l\ 
111.63 (14) 


PC f^/\ i i | / • 

Cj — C4 — H4C 


1 no t 

loy.z 


r^i z~m 1 1 1 ( • 
C3 — C4 — H4 C 


1 An 1 

loy.z 


( ' Z f^A I I 1 p\ 

Cj — C4 — H4D 


1 An o 

luy.z 


CI f^A I I 1 p. 

C3 — C 4 — rl4 D 


1 AO O 

luy.z 


1 1 ^ V V ^ 1 1 ^ 1 V 


107 y 


Ol — C5 — C6 


120.69 (16) 


Ol — C5 — C4 


120.43 (15) 


C6 — C5 — C4 


118.85 (15) 


C7 — C6 — Cll 


119.55 (15) 


C7 — C6 — C5 


118.35 (16) 


r^i \ti \n r^o 
CI — JN 1 — JNZ — CZ 


u.o3 (ivj 


r^i mi \n r^o 
C3 — JN 1 — JNZ — CZ 


1 / /.Uj (14J 


MO Ml 1 Ml 

JNZ — JN 1 — CI — JN J 


— u.3o (lyj 


Ml 1 Ml 

C3 — JN 1 — CI — JN3 


—1 /0.3 / (1 j) 


JNZ — JN 1 — CI — ol 


1 *7n n 1 m\ 

1 /y.y 1 (13) 


C3 — JN 1 — CI — M 


3.9 (3) 


/~<1 MT Z" 1 1 M1 

Cz — JN 3 — C 1 — JN 1 


a t 1 n n\ 

-o.zi (iy) 


N4— N3— CI— Nl 


-179.21 (17) 


C2— N3— CI— SI 


179.51 (14) 


N4— N3— CI— SI 


0.5 (3) 


Nl— N2— C2— N3 


-0.94 (19) 


Nl— N2— C2— CI 6 


178.24 (17) 



C16 — H16C 


0.9800 


Cll — Co — Cj 


1 T) API ( 1 C\ 

LZI.vy {lb) 


Z^O f^H ( ' ^ 

Co — C / — Co 


1 TPi A A ( 1 H\ 
12U.44 (1 /) 


q r^H I I "7 

Co — C / — hi / 


1 1 n o 

i iy.o 


Co — C / — hi / 


1 1 Pi o 

i iy.o 


r^i z^o rn 

c / — Co — cy 


1 1 Pi CI P1 Q\ 

ny.jz (io) 


C"i po iio 

C / — Co — hlo 


IzU.Z 


z^n z^o iio 
Cy — Co — hlo 


IzU.z 


pi a pn po 

ciu — cy — Co 


IzU.ol (lo) 


Pin pn i m 

ciu — cy — hiy 


1 ift q 

ny. / 


p o pn i in 

Co — cy — hiy 


1 1 Pi *7 

ny. / 


pn pi a p 1 1 

cy — c i (j — c 1 1 


t 1 ft oi pi n\ 

i ly.oi (i /) 


pn p i pi 1 1 1 pi 
cy — C 1 U — rl 1 u 


1 TPi 1 

IzU.l 


p 1 1 p 1 Pi III pi 

Cll — CIU — rllU 


1 OPi 1 

IzU.l 


p i pi p i i p/r 
CIU — Cll — Co 


1 ^Pl Pl/1 ^1 1\ 
1ZU.U4 {l /) 


pin P11 ill] 

CIU — Cll — rll 1 


1 TPi Pi 

IzU.U 


p /: pi i ui 1 

Co — Cll — rll 1 


1 in n 
12U.U 


PI 1 PIT PtT 

C 1 3 — C 1 Z — <Jz 


11U. 33 (lo) 


P1 1 pn pq 
C 1 3 — C 1 z — C3 


1 1 1 Z^T P 1 Z^\ 

133. oz (lo) 


pn pi 
Uz — C 1 z — C 3 


1 1 j.o / (14) 


pn pi i p i yi 
C 1 Z — C 1 3 — C 1 4 


1 pi£ no p 1 o\ 
lUo.Uo (lo) 


pn p i a un 
C 1 Z — C 1 3 — rl 1 3 


1 T7 Pi 

Iz / .U 


p 1 /] PIT U 1 1 

C 14 — C 1 3 — H 1 3 


1 T7 n 
Iz/.U 


PK p| /| p| i 

CI j — C14 — C13 


1 n/: on p 1 o\ 
lUo.oy (lo) 


PK PI /| T_J 1 -I 

CI J — C14 — H14 


Izo.o 


p| 1 pi/l TJ1 /) 

C13 — C14 — H14 


Izo.o 


p 1 /] pk p,-> 

C 14 — C 1 J — Uz 


1 1 n /in pi *7\ 
1 1U.4U (1 /) 


p 1 /I p|f TJ 1 c 

C 14 — C 1 J — H 1 j 


1 T/1 O 

124.0 


p.-» pic TJ 1 C 

U2 — CI j — HI j 


1 O/l o 

124.0 


v^z — V 1 o — 1 1 1 Urt 


1 U7.J 


C2 — CI 6 — H16B 


109.5 


H16A — C16 — H16B 


109.5 


C2 — CI 6 — H16C 


109.5 


H16A — C16 — H16C 


109.5 


H 1 6B — C 1 6 — H 1 6C 


109.5 


r\\ f^z f^c f^n 
Ul — CD — Co — C / 


1 *7 PT\ 

3.7 (2) 


r^A f^z. f^t. f^H 

C4 C J — CO — C / 


1 "70 /'I C\ 

_ 1 /o.2o (1 j) 


r\\ r^c r^c 1 

Ul — Cj — CO — CI 1 


— 1 /J.jl (lo) 


a f^z r^z. /^l 1 
C4 — CD — C6 — Cll 


2.5 (2) 


1 1 r^c f~*H /"'o 
Cll — C6 — C / — C8 


1 /I P1\ 

-1.4 (3) 


r^c f^c f^n r^o 
C J — C6 — C / — Co 


1 "7n 11 / 1 /:\ 
1 /y.31 (16) 


f~*/L r^n r'o r~*c\ 

C6 — C / — C8 — cy 


0.3 (3) 


C7— C8— C9— CIO 


o.y (3) 


C8— C9— CIO— Cll 


-0.9 (3) 


C9— CIO— Cll— C6 


-0.2 (3) 


C7— C6— Cll— CIO 


1.4 (3) 


C5— C6— Cll— CIO 


-179.39(16) 
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\n pi \n 
C 1 — JN 3 — C2 — IN 2 


U.O (2) 


C 1 5 — U2 — C 1 2 — C 1 o 




U.U (Z) 


~KJA \n z^*") \n 

JN <H JN o — C2 — JN 2 


1 /V. /O (1 /) 


pi c /^i 

C 1 5 — U2 — C 1 2 — Co 




— 1 /j.yo {lb) 


r^i \n r^T P1£ 
CI — JNo — C2 — Clo 


-1 /&.4Z (1 /) 


M1 r^i rn n i 
JN 1 — Co — C12 — CI 3 




13 /.I (Z) 


m/i mi po P1£ 
JN 4 — JN J — C2 — C 1 0 


0.6 (3) 


p/i pi rn p 1 1 
C4 Co — C 1 2 — C 1 0 




12.4 (3) 


M1 /^i rn 
CI — JN 1 — Co — C12 


V/.jl (IV) 


M1 r^i rn 

JN 1 — Co — C12 — U2 




— 50.5 (2) 


mo M1 /^i rn 
JN2 — JN 1 — Co — C12 


— /8.20 (18) 


C4 Co — C 1 2 — U2 




-1 15.52 (Id) 


CI— Nl— C3— C4 


-137.52 (17) 


02— C12— C13— C14 




-0.2 (2) 


N2— Nl— C3— C4 


46.8 (2) 


C3— CI 2— CI 3— C14 




172.20 (19) 


Nl— C3— C4— C5 


159.98 (14) 


C12— C13— C14— C15 




0.4 (2) 


CI 2— C3— C4— C5 


-75.20 (19) 


CI 3— CI 4— CI 5— 02 




-0.4 (2) 


C3— C4 — C5— Ol 


-12.1 (2) 


CI 2— 02— CI 5— C14 




0.3 (2) 


pi nA pc p/: 

i^o — L>t — ^ j — ^ o 


1 £Q 87 (\ A\ 
LDy.o / (m) 








Hydrogen-bond geometry (A, ) 










D—H-A 


D H 


H-A 


D-A 


D— H ■• 


N4— H4A-S1' 


0.95 (3) 


2.64 (3) 


3.475 (2) 


148 (2) 


C4— H4D -Ol" 


0.99 


2.45 


3.346 (2) 


151 


C14— H14-01"' 


0.95 


2.55 


3.490 (2) 


169 


Symmetry codes: (i) -Jt+l, -y, -z; (ii) x- 


-1/2, ->>+l/2, z-1/2; (iii) x+\,y, z. 
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